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CHAPTER I

INTRODUCTION

Statement of the Problem

To identify and reduce unnecessary expenditures

for reprocurement data, a 1979 thesis by Johnson and

Southwick reported evidence which indicates that the

Annual Usage Rate (AUR) of an item is an accurate indica-

tor of the need for reprocurement data. Their conclusion

was based upon an analysis of items from the C-130 cargo

aircraft. The analysis identified positive relationships

between an item's Annual Usage Rate and its Item Category,

Price, and Actual Method of Procurement (AMOP). While

AUR, Item Category, Price, and AMOP are historical indi-

cators of actual reprocurement data requirements, Item

Category will be known earlier in the acquisition cycle

for required items on a new weapon system. Johnson and

Southwick recommended that general item Categories with

high Annual Usage Rates on existing weapon systems should

be used to predict the reprocurement data requirements for

similar weapon systems under development.

Before the recommendations of Johnson and Southwick

can be implemented, further research is required to deter-

mine if the relationships identified by Johnson and



Southwick exist in other weapon systems, in order to vali-

date the use of Annual Usage Rate as an indicator of

future reprocurement data requirements. Of specific

interest are KC-135 cargo-type aircraft, and the F-4 and

A-7 fighter-type aircraft.

Justification

Each year, reprocurement data represents a sub-

stantial investment for the government, both in dollars

and in the manpower and managerial talent required to

supervise it. It is extremely costly to acquire, store,

maintain, and disseminate this data. It is the govern-

ment's policy to control both the extent and nature of

data acquisition (31:p. 12:28). It has been estimated that

the Department of Defense (DOD) spends $2 billion each year

for technical data resulting in the purchase of six mil-

lion separate pieces of data per year (23:253). As many

as 600,000 pieces are sent to the Air Force Engineering

Data Support Center (AFEDSC), usually referred to as the

Data Repository (34). In fiscal year 1979, Air Force

Logistics Command (AFLC) purchased over two billion

dollars worth of replenishment spare parts. Of this

amount, $426 million were spent competitively with the use

of reprocurement data (26).

In spite of this high utilization, official guide-

lines to aid in determining what data to purchase have
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not been published. Existing regulations do not establish

the data requirements for a contract (31:p. 9:29). As a

result, it has been estimated that as little as 5 percent

of the reprocurement data bought are actually ever used

for the purchase of replenishment spare parts (13:2).

Control of the extent and nature of data acquired

could provide for substantial cost savings to the govern-

ment. Johnson and Southwick provided guidelines for use

by Air Force managers in deciding whether to purchase

reprocurement data (13:84). The guidelines were developed

to help reduce the amounts of reprocurement data pur-

chased, thereby reducing associated costs. Johnson and

Southwick developed these guidelines by identifying the

factors considered by Air Logistics Center Engineering

Data Section personnel in deciding what data should be

purchased. They also analyzed the characteristics of

items on the C-130 aircraft which appeared to affect the

need for replenishment items and spares during the time

the item is in the active Air Force inventory.

Different types of aircraft operate in different

environments; therefore, the support requirements may

differ between aircraft types. Additionally, reprocurement

data requirements may differ between different types of

items. For example, the combat role of a fighter aircraft

requires a lighter airframe to enable much higher speeds

while at the same time withstanding the greater structural
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stresses encountered in combat maneuvers. Cargo aircraft

are not subjected to structural stresses similar to those

of a fighter. Component designs are typically much more

complex in fighter aircraft, particularly in the avionics

systems required of their combat missions. Consequently,

before the guidelines developed by Johnson and Southwick

can be utilized in a broad, general application, it must

first be determined whether they are applicable to other

cargo aircraft and to other types of systems that are

purchased.

Definitions

It is important to understand what is included in

reprocurement data. Data is defined as ". . . recorded

information, regardless of form or characteristic [31:p.

9:53]." As a specific form of data, the Defense

Acquisition Regulation (DAR) defines the next step, tech-

nical data, as "recorded information, regardless of form

or characteristic, of a scientific or technical nature

[31:p. 9:27].0 Technical data includes research, develop-

ment, or experimental work; may be utilized to define a

design or a process; and may be utilized to purchase

material. Technical data also refers to technical manuals

used for component repair (31:p.l:19). Reprocurement data

is a form of technical data.
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The further delineation of reprocurement data is

exhibited in the definition of "procurement data packages"

as stated in MIL-STD-885B entitled Procurement Data

Packages. A procurement data package is:

a generic term applicable to types of tech-
nical data when used for procurement purposes. It is
a composite of specifications, plans, drawings, stan-
dards and such other data as may be necessary to
describe existing material so they may be procured by
the method contemplated [32:2].

Lieutenant Colonel Larry Schwartzman stated in his

Air War College thesis, *Reprocurement Data Costs can be

Reduced," that the term "reprocurement data" had never

been defined in any official regulations. In spite of the

change in the DAR from the term "procurement" to the terms

"acquisition" and "contracting," the term "reprocurement

data" will still be used in this thesis, since, as yet, an

official definition for this or an equivalent term has not

been published. For this thesis, Schwartzman's definition,

which was also used by Johnson and Southwick, will be

used:

. . . Reprocurement data includes all data
necessary to describe an existing item so that either
an identical or interchangeable item can be procured
on a competitive basis (21:111.

Purpose of Reprocurement Data

It is government policy that all acquisitions

shall be made on a competitive basis to the maximum prac-

ticable extent (31:p. 1:21). Competition has broad
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socioeconomic merits. It is generally believed that com-

petition leads to lower prices and the government policy

of competition has historically led to substantial savings

(8:1). General Accounting Office reports have shown

savings of over 25 percent for competitive reprocurement

after an item was originally purchased from the sole

source manufacturer (12:1).

In order to utilize competition in the acquisi-

tion process, specifications which are explicitly clear to

all parties involved are required (3:97). It is govern-

ment policy to make technical data widely available "in

order to obtain competition among its suppliers, and thus

further economy in government procurement [31:p. 9:27]."

Reprocurement data is used to accomplish the transfer of

technology and thus gain the economic advantages of com-

petitive reprocurement of spare parts (10:1,9).

Reprocurement Data Acquisition Process

A basic understanding of how reprocurement data

are purchased will help clarify what reprocurement data

are and how they are used.

The decision regarding the purchase of specific

reprocurement data is made during the acquisition process

(33:2). AFLC, the ultimate user of data for reprocurement

of an item, establishes the requirement for reprocurement

data. The Engineering Data Section personnel at each Air
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Logistics Center have primary responsibility for the

establishment of these requirements (24). AFLC conveys

the requirement to the System Program Office (SPO), who in

turn contracts for the needed data from the contractor.

The contractor has the responsibility to prepare and pro-

vide the required technical data in the form of a repro-

curement data package (9:8). As a result of this division

of responsibility, it is essential that there be close

interaction between the SPO, AFLC, and the user command

during the acquisition process, to assure the acquisition

of data required for proper logistics support throughout

the life of the system (6:2).

The process of obtaining reprocurement data begins

within the SPO at the beginning of the weapons acquisition

cycle (13:5). A Program Manager should be appointed imme-

diately after approval of the Mission Element Need State-

ment, which initiates the acquisition cycle (18:10).

Upon receipt of the Program Management Directive

(PeD), the SPO begins to develop a Statement of Work con-

tainincj preliminary data considerations. The Program

Manager appoints a Data Management Officer who is respon-

sible for directing all data management actions throughout

the life of the program (29:2-5).

An initial action of the Data Management Officer

is to issue a Data Call to all participating agencies. A

Data Call is a formal procedure to acquire data

7



requirements from all potential users, from any appro-

priate participating government agency (29:2). The users

identify their requirements on a Contract Data Require-

ments List (DD Form 1423), selecting from DOD Authorized

Data Lists or submitting unique requirements (21:35).

The Data Management Officer prescreens the require-

ments to consolidate requirements and eliminate duplica-

tions. The list is then screened to determine actual need

by the Data Requirements Review Board, and is conducted in

accordance with AFSCR 310-1 (13:5). This board is chaired

by the Data Management Officer or the Program Manager.

The approved package of data items is then sub-

mitted to the Principal Contracting Officer for inclusion

in the Request for Proposal, which communicates the

government's requirements to industry. Each item of data

is priced on the contractors' proposals, and these prices

are evaluated as part of the source selection process.

The final DD Form 1423 is then included in the resulting

contract and becomes a firm requirement (21:36).

During this process the decision must be made as

to which items of reprocurement data are to be purchased.

To do this, the method by which each of the spares may be

purchased needs to be known. To aid in this decision, the

contractor is tasked to provide Contractor Recommended

Codes (CRC), which represent the contractor's recommended

method of contracting for spares throughout the life of
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the system (13:6). Each item will be assigned one of

three codes (six, seven, or eight) in accordance with

MIL-STD-789B, Procurement Methods Coding of Replenishment

Spare Parts. For example, a code of CRC 6 indicates

spares should be purchased through open competition and a

code of CRC 7 indicates the contractor recommends that the

spare part be purchased "only from selected source(s) for

reasons indicated by the suffix code [33:3]." A suffix

code indicates why the spares should not be purchased

through open competition. MIL-STD-789B lists eleven such

suffix codes. CRC 8 is the final code and indicates the

spares should be obtained only from the prime contractor

whenever the prime contractor is not the manufacturer.

One of the eleven suffix codes is again assigned to indi-

cate the justification for a sole source acquisition.

A team of government personnel from the Air

Logistics Center with ultimate logistic responsibility for

the system, is formed to review the CRCs (5). Their deci-

sion to accept the CRC or modify it results in the assign-

ment of a Procurement Method Code (PMC) for each item

(33:11). The PMC formalizes the specified manner in which

an item will be reprocured. This process helps to deter-

mine which reprocurement data are required (13:8).

The responsibility for the acquisition of repro-

curement data lies with the Program Manager and the Data

Management Officer (13:8). Overall responsibility for
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data related actions shifts to the AFLC System or Item

Manager once the program is transitioned from Air Force

Systems Command (AFSC) to AFLC (25:p. 2-2).

The Administrative Contracting Officer accepts the

data after it has been inspected, and the contractor sub-

mits it to the AFEDSC Repository located at Wright-

Patterson AFB. The data are normally in the form of

microfilm mounted on computer cards (5). AFEDSC receives

over one-half million pieces of data each year (28:3).

A copy of each piece of data is forwarded to the Air

Logistics Center with Item Management responsibility for

the item to which the data applies. At such time as addi-

tional spares are required, the data are removed from

storage and used as specifications by the Air Logistics

Center to competitively purchase the required spares

(13:8-9).

Literature Review

The problems associated with competition and the

reprocurement data acquisition process are by no means

new. The General Accounting Office was studying the

problems of competition as early as 1950 (20:11). Many

people feel that the problems associated with reprocure-

ment data are the key to most associated data issues (15).

The issues of a competitive reprocurement are of concern

to national leaders at the highest levels, receiving
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attention at least as high as the Assistant Secretary of

Defense (Installations and Logistics) (19).

During the period of 1963 through 1965, several

changes were implemented in the government regulations in

order to improve data policy. These included revised

rules for the determination of data rights, improved data

standards, deferred ordering or delivery of data designed

to reduce unnecessary purchases, and the coding and screen-

ing of parts to improve competitive procurement (7:39-43).

But curiously enough, in spite of the high level recogni-

tion, little or nothing has been done since this time to

improve the data acquisition process.

In accordance with Department of Defense policy,

the Air Force must try to maximize the opportunity for

competitive reprocurement in order to realize the poten-

tial cost savings. Many times this is not possible

because the required technical data, prepared by the

contractor, is either inadequate or unavailable. It also

becomes more difficult to use competitive reprocurement as

the item becomes more specialized and technologically

advanced. Finally, there are economic, legal, and tech-

nological barriers to new firms entering the competitive

process. Economic problems include the lack of funds for

retooling and start up costs. Legal problems include the

area of rights to data and the inability to acquire the



necessary data. The transfer or communication of tech-

nological skills and techniques is also a difficult task,

which if not accomplished will preclude a potential com-

petitor from entering into competition (7:2-10).

Previous research has identified several problem

areas in the existing reprocurement data acquisition pro-

cess, which are all interdependent. First there exists a

lack of consistency among the existing procedures and

guidelines. This then tends to adversely affect the ade-

quacy of the data purchased. As a result of the

inadequate data received, the Air Force ultimately is

forced to pay higher costs than should be expected (5).

Johnson and Southwick demonstrated that there is a

lack of agreement in the Air Force over the adequacy of

existing guidelines and procedures for acquiring technical

data. There is even disagreement as to whether reprocure-

ment data is useful or required. As previously stated,

official guidelines have not been published to specify

what data should be purchased, and no consistent proce-

dures are followed by Engineering Data personnel when

making this decision (13:86).

Much of the inconsistency has been attributed to

the present difficulty in reading and understanding the

current regulations which define procedures for data

management (6:43). This results in vast differences in

interpretation of what is really involved and required

when purchasing and preparing reprocurement data.
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Lack of consistency and guidance is one of the

major reasons for the inadequate data that is often

purchased. Many times the lack of satisfactory contractor

prepared data has precluded competitive reprocurement, the

manufacture of needed spares, or hampered the effective

maintenance of a system (6:2). If a competitive contract

for reprocurement of spares is awarded, and then it is

discovered that there is inadequate data, added costs may

be incurred or the contractor may be forced to manufacture

and deliver unsatisfactory parts that do not adequately

perform. Many times, when bidding on a competitive repro-

curement, contractors do not examine the government sup-

plied reprocurement data and it is not discovered until

after contract award that the data are inadequate. This

then results in added costs since the missing data may

have to be generated again (5). It has been estimated

that if all the data purchased each year had met its

intended purpose and use, it would have resulted in $50

million more per year available for other purposes (6:3).

The legal, economic, and technological transfer

difficulties, discussed above, that are experienced in

competitive reprocurements often result in unplanned and

undesirable modifications during production. These modi-

fications adversely affect the cost, schedule, and tech-

nical parameters of the contract and tend to defeat the

purpose of the acquisition (8:viii). Technological
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transfer is the task of communicating design and produc-

tion technology to firms not engaged in the original

research and development or previous production efforts.

Some people feel that this communication is the key to

purchasing adequate spare parts. There are cases where

satisfactory spares were manufactured even without ade-

quate reprocurement data after the defective data was

pointed out to both the government Principal Contracting

Officer and the contractor (8:98).

Many times after the required data have been

delivered, entire pieces of data are found to be missing

from the data package. This has proven to be one of the

most glaring deficiencies found in reprocurement data (7:4).

There are several reasons why contractors sometimes pro-

vide incomplete data. One is that many times portions of

the data are claimed to be proprietary (data developed by

the contractor at his own expense). Even if the data are

not proprietary, many contractors are reluctant to deliver

data containing technology, techniques, and know-how which

they fear may be used against them in the future by

competitors.

Contractors often claim proprietary rights on

techniques or know-how developed under previous government

contracts (9:4). Many of these claims involving proprie-

tary rights do not meet the government definitions of

proprietary rights, but go unchallenged due to the
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tedious, expensive and lengthy legal process associated

with such a challenge. There usually is not time for this

in the volatile environment of systems acquisition. Also,

if a sufficiently long period of time elapses from the

time the data is delivered to the time a deficiency is

discovered, there is little recourse available to the

government (6:6).

This leads to another claim that most of the inad-

equate reprocurement data can be attributed to shortcom-

ings in the inspection and acceptance process (6:2). It

has been estimated that less than 10 percent of government

quality assurance personnel, who perform data acceptance

inspections, have ever received any formal training for

this portion of their jobs (7:89).

As the system of inspection and acceptance now

functions, the data can only be spot checked. The con-

tractor is the only one with the capability to check all

of it (21:46). At the time of inspection and acceptance,

the government is unable to make an accurate assessment as

to the technical adequacy of the data. If the data are

discovered to be deficient at the time of reprocurement,

the government will have to return to the original manu-

facturer for production. In this case, all funds origin-

ally expended for reprocurement data for that item will

have been wasted (7:82). The AFEDSC also duplicates much
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of the inspection that is performed, resulting in added

inefficiencies and waste (7:89).

The degree of adequacy then is the major deter-

minant in whether or not competition and its cost savings

can be achieved in reprocurement. In the past, inade-

quate reprocurement data packages acquired by the Air

Force have precluded many competitive reprocurements of

replenishment spare parts. Of the $2.2 billion spent by

AFLC in fiscal year 1979 for the purchase of replenish-

ment spare parts, over $1.8 billion (81 percent) was

spent noncompetitively (26). In the past as much as 67

percent of these noncompetitive buys have been attributed

to the lack of adequate data (7:3).

Even with adequate reprocurement data, some

unnecessary costs are realized. Drawings and specifica-

tions don't always provide access to technology suffi-

cient to support competitive manufacturing (7:100). Even

with complete reprocurement data, government engineers are

reluctant to go to a source other than the original manu-

facturer due to poor results in the past (6:13).

Estimation and determination of reprocurement data

costs is another huge problem. On the basic contract,

reprocurement data is often included with all other data

on the Contract Data Requirements List (DD Form 1423) and

priced as a group. Then, too, there are differing opinions

as to what is included in the cost of reprocurement data.
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Does it include the engineering cost of generating the

data or is it only the costs for reproduction and handling

(10:20-21)? Contractors usually include only the costs for

data preparation and reproduction. Thus the stated price

rarely represents the real costs of the data, since these

costs are probably inextricably mixed with the engineering

costs (27:82). Until the terminologies and pricing guide-

lines are clearly defined, it will be impossible for the

contractor to identify meaningful data acquisition costs.

It is also difficult to estimate ownership costs

for the storage, update, dissemination, and disposal of

government owned reprocurement data. AFEDSC does not

maintain records on its operating costs (34). AFLC does

not even maintain cost accounting records of the Reposi-

tory at headquarters level (2).

Inconsistent usage of contract specifications for

data also contribute to increased costs. For example, if

MIL-STD-885B is incorporated into the contract and the

exact form of the data is not specified, the contractor is

required to provide it in Form 1, which is the most

exacting and costly form of data. Close coordination

between the contracting officer and the Air Logistics

Centers is therefore required to ensure that the data is

acquired in the most cost effective manner (10:34-41).

Many times engineering drawings can be used for

more than one purpose. If so, the data may be called out
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for two different purposes and paid for twice. This adds

unnecessarily to reprocurement data costs and there are

many proven cases of such duplication of data between the

services (21:45).

Besides the duplication of data purchased, the

ownership costs are unnecessarily increased due to a

duplication of records that are maintained. All records

maintained at the Repository are also maintained at an Air

Logistics Center. Very few people know what is available

at the Repository. The system has been criticized by the

General Accounting Office for violating principles of

centralized data management (21:47-48).

Another concept which has contributed to the high

cost of reprocurement is the overuse of competition. Many

contracting personnel feel that the Air Force is sometimes

overzealous in its efforts to obtain maximum competition

and occasionally attempts are made to compete items when

it does not "make sense" (7:80). It is DOD policy to

acquire technical data rights which are essential to meet

the government's needs (31:p.9:27). It is also DOD policy

when acquiring spares to assure the requisite safe,

dependable, and effective operations of the equipment.

Reprocurement should be competitive so long as these

requirements are not jeopardized. Otherwise reprocurement

is to be made from the original manufacturer or other

known source (31:p.1:31).
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In light of these policies and the fact that many

competitive reprocurements have failed or resulted in

unsatisfactory spare parts, it is clear that the Air Force

may be unwisely forcing competition into inappropriate

situations. This results in the Air Force purchasing

unnecessary reprocurement data and expending excess funds

in doing so. The ultimate result of these problems is

that the Air Force is wasting money by purchasing inade-

quate and unnecessary data, and there are no official

guidelines to alleviate the problem.

Several people have attempted to develop tech-

niques to reduce the problem. Captain F. H. LaMartin,

Jr., USN, developed a technique utilizing decision theory

and computer simulation which attempted to estimate the

economic value of reprocurement data (14:1). In an

attempt to develop standard pricing techniques, Mr. Vin-

cent Mayolo from the Data Management Office of the Army

Materiel Command did research to establish contractor

manhours required for tasks normally performed when pro-

viding data to the government (30:7A1). Others have made

recommendations for changes in Air Force policies and pro-

cedures. None of these suggested standards have been

officially adopted.

One such suggestion is to reduce the amount of

reprocurement data that are bought. The thesis by Johnson

and Southwick was an attempt to establish guidelines for
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use by Air Force managers in determining whether to

purchase reprocurement data. These guidelines could help

to reduce the amount of procurement data that are

purchased.

Johnson and Southwick established and reported the

beliefs of Engineering Data personnel that reprocurement

data can be useful and result in savings to the govern-

ment. Engineering Data personnel have the prime responsi-

bility for determining the need for reprocurement data.

Seven factors were identified that are considered by these

personnel when deciding which reprocurement data are

required. The three most important factors are the design

stability of the item, the cost of the item, and the

expected life of the item in the inventory. It was deter-

mined that the item's annual usage rate should be the

primary criterion for purchasing reprocurement data. For

new systems, a projected annual usage rate can probably

be estimated based upon past relationships of annual

usage rates and item classification for similar weapon

systems (13:84-89).

If it can be shown that the guidelines developed

by Johnson and Southwick have a broader application than

previously identified and if the amount of reprocurement

data purchased can be effectively reduced, several of the

previously identified problem areas may be alleviated or

significantly reduced. For example, with less
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reprocurement data being received, the job of inspection

and acceptance would be more manageable. Improved manage-

ment could result in a higher quality of technical data on

file in the Air Force data inventory. A higher quality of

data would conceivably lead to increased utilization. A

reduction in the amount of reprocurement data purchased

would necessarily reduce associated costs. The acquisi-

tion and ownership costs associated with unnecessary

purchases of reprocurement data would be eliminated.

Furthermore, a reduction in the volume of data may improve

the problem of data pricing and make it more manageable.

Such improvements can be accomplished only if consistent

guidelines are established to aid Air Force maragers in

their decision to purchase reprocurement data.

Research Objectives

The objectives of this research are:

1. To determine if the need for reprocurement

data can be determined by the Annual Usage Rates of items

in existing weapon systems.

2. To determine if Item Category, Item Price, and

Actual Method of Procurement can be used as accurate indi-

cators of Annual Usage Rate, thereby providing an early

indication of reprocurement data requirements for weapon

systems under development.
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Research Questions

In order to accomplish the research objectives,

the following research questions will be answered:

1. For each aircraft studied, is there a rela-

tionship between Annual Usage Rate and Item Category?

2. Do the same Item Categories on each weapon

system have the same Annual Usage Rate?

3. For each aircraft studied, is there a rela-

tionship between Annual Usage Rate and Item Price?

4. For each aircraft studied, is there a rela-

tionship between Annual Usage Rate and Actual Method of

Procurement (AMOP)?

5. Can the relationships between Annual Usage

Rate and Item Category, Price, and AMOP on existing weapon

systems be used to determine reprocurement data require-

ments for similar weapon systems under development?

22



CHAPTER II

METHODOLOGY

Overview

Data required to accomplish the research objec-

tives were obtained through case analyses of three

aircraft weapon systems. The case analyses were used to

analyze the characteristics of a replenishment spare item

which appeared to have a significant impact on the need

for recurring acquisitions of the item during its active

life on an aircraft system. The need for recurring

acquisitions is indicative of the need for reprocurement

data. The KC-135, F-4 and A-7 were selected for case ana-

lyses for this research. All three aircraft have been in

the active Air Force inventory for a length of time suf-

ficient to provide an adequate history of acquisitions.

The relationships identified between Annual Usage Rate and

Item Category, Price Per Item and AMOP, for each weapon

system studied in this research were compared with those

relationships identified by Johnson and Southwick. The

results of these comparisons were used to determine if

Annual Usage Rate can be used as a standard predictor for

reprocurement data requirements for weapon systems under

development.
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Sampling Plan

Universe

The universe for this research consists of all

replenishment spare parts for all aircraft in the active

Air Force inventory.

Population

The population for this research consists of all

Air Force managed replenishment spare parts for the

KC-135, F-4 and A-7 aircraft.

Sample and Data Collection

Punched card decks containing all items on the

KC-135, F-4 and A-7 aircraft were obtained from the Univac

1050-II Supply computer at three bases possessing those

aircraft. A computer program developed at Seymour-Johnson

Air Force Base and listed in Appendix A was utilized by

each base to generate the data. Card decks of data were

obtained from Grissom Air Force Base, Seymour-Johnson Air

Force Base, and England Air Force Base for the KC-135,

F-4, and A-7 respectively.

Common usage items managed by the Defense

Logistics Agency, items coded as Time Compliance Technical

Order (TCTO) kits, part numbered items, and new items with

a temporary stock number were not considered due to the

lack of available procurement history on these types of

items.
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Stratified random sampling was employed in the

data collection required for this research. Stratified

random sampling is most effective when handling a hetero-

geneous population with several homogeneous subgroups

(1:129). The population studied is stratified within each

aircraft according to the first two digits of the National

Stock Number, known as the Item Category, and a simple

random sample from each strata was obtained through the

use of the procedure "SAMPLE," from the Statistical

Package for the Social Sciences (SPSS) (16:128).

Determination of the sample size to be used

requires that two basic factors be considered: (1) Is the

sampling of attributes or of variables? and (2) What

degree of accuracy and width of the interval estimate is

required to satisfy the needs of the research? Sampling

from a population of Item Categories requires the use of

attribute sampling which concerns the proportion, (p), of

the population which has a given attribute (4:150). The

researchers require that with 95 percent confidence, the

proportion of population parameter studied be within +.08

of the sample proportion obtained. Given the degree of

accuracy and the interval estimate required, the standard

error of the sample parameter can be computed as:

a = desired interval width = .08 = .
p 

. 0408
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where,

ap = standard error of the sample parameter,

a = probability of selecting the alternate hypo-

thesis when the null hypothesis is actually

true. The level of a used was .05.

The standard error obtained is used to compute the minimum

required sample size to obtain the accuracy desired

(4:152).

N = (1-) = .5 (1-.5)22 150.0625 150
a . (0408)p

where,

N = Sample Size

P = Sample proportion (set at .5 to obtain maximum

possible sample size)

ap = Standard error of the proportion for the

sample (4:153).

Johnson and Southwick employed the same procedure

cited above with one exception. Johnson and Southwick used

a desired interval width of +.1 while this research used

+.08. A decrease in the desired interval width was used

to decrease the allowable standard error of the sample
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parameter, thereby increasing the accuracy of the results

achieved.

Tables 1 and 2 present the Item Category fre-

quencies for the population and for each generated sample.

Appendix B provides a description of each Item Category.

For each of the items sampled, the Special Pro-

curement History Extraction (AFLC Form J041.9ALA) was

reviewed. The History Extraction is maintained for every

item in the Air Force inventory and contains such infor-

mation as the contractor, method of procurement used (see

Table 3) and the date and quantity of each acquisition.

The data obtained for this research were the quantity and

price per item, per contract, and the Actual Method of

Procurement used for the period 1 July 1972 to 1 October

1979.

Case Study Design

The KC-135, representing a cargo aircraft, was

chosen to validate the relationships identified by Johnson

and Southwick within similiar weapon systems. A valida-

tion within similar systems needs to be demonstrated

before a comparative analysis between differing weapon

systems can be attempted. A fighter and an attack

aircraft were chosen because of the differences in the

environments in which they operate as compared with cargo

aircraft, and the desire of this research to test the
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Table 1

POPULATION FREQUENCIES WITHIN ITEM CATEGORY

Item
Cat. KC-135 F-4 A-7

10 0 149 105
12 0 59 21
14 0 284 10
15 623 616 223
16 373 347 323
17 23 19 48
26 1 2 3
28 229 247 27
29 79 92 42
30 15 23 5
31 33 56 8
36 0 1 0
38 0 0 2
40 0 2 1
41 7 2 5
42 2 2 0
43 16 19 15
45 1 0 2
47 65 45 38
48 50 41 26
49 0 3 159
51 0 1 81
52 0 0 20
53 133 236 122
58 339 261 266
59 24 55 46
61 32 26 55
62 13 20 29
63 1 11 6
66 214 223 327
67 0 6 6
69 0 10 4
73 3 0 0
83 0 2 0
93 0 3 0
99 0 1 1

Totals 2,276 2,864 2,026
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Table 2

SAMPLE FREQUENCIES WITHIN ITEM CATEGORY

Item
Cat. KC-135 F-4 A-7

10 0 8 11
12 0 1 2
14 0 17 0
15 38 41 14
16 30 16 26
17 3 3 3
26 0 1 0
28 24 14 1
29 4 3 3
30 1 1 0
31 2 4 0
43 1 0 0
47 4 0 4
48 3 3 1
49 0 0 14
51 0 0 5
52 0 0 1
53 9 15 6
58 17 16 21
59 0 2 3
61 3 1 5
62 1 1 4
63 0 1 1
66 12 12 23
67 0 0 1
69 0 1 0
99 0 0 1

Totals 152 161 150

29



TABLE 3

ACTUAL METHOD OF PROCUREMENT CODES

Code Explanation

0* This code is machine assigned when PMC is "00", in
order to signify that the item is not reportable
under AFR 57-6.

1 Current procurement is competitive, and the item
was previously purchased competitively.

2 Current procurement is competitive, and the item is
being purchased competitively for the first time.

3 Current procurement is noncompetitive from the
actual manufacturer or a vendor, including a prime
contractor who is the actual manufacturer.

4 Current procurement is noncompetitive, and the item
is being purchased directly from the actual manu-
facturer or vendor for the first time rather than
the original prime contractor for the end items for
which the parts support.

5 Current procurement is noncompetitive, and the item
is being purchased from a prime contractor who is
not the actual manufacturer.

*Generally, this code is only assigned to items
experiencing their first purchase. A code of "00" is
usually assigned just once and allows the purchase to be
processed through the J041 system.

SOURCE: (13:41).
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relationships identified by Johnson and Southwick with

weapon systems other than cargo aircraft.

Data Analysis Plan

The information utilized from the Special Pro-

curement History Extraction included the total number of

items acquired, the Price Per Item and the Actual Method of

Procurement for the period 1 July 1972 to 1 October 1979.

The Annual Usage Rate for each item was calculated as

a ratio of the total quantities purchased divided by the

total number of years covered by the History Extraction.

For this research, Annual Usage Rate is considered to be

the dependent variable while Item Category, Price and

Actual Method of Procurement are independent variables.

Since this research tested the relationship between the

dependent variable and each independent variable, three

separate tests were required for each weapon system. The

methods used are consistent with those used by Johnson and

Southwick. A second series of tests were required to test

the correlation of relationships for the independent

variable, Item Category, between weapon systems.

Measurement Level of the Data

Evaluation of the data collected revealed that

Annual Usage Rate and Price Per Item are measured as ratio

level data. Actual Method of Procurement is ordinal level

data. Two degrees of competition are indicated. An AMOP
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of one or two indicates a competitive reprocurement while

an AMOP of three, four, or five indicates a noncompetitive

reprocurement. AMOPs of zero were not considered since

they indicate the item is not reportable under AFR 57-6.

Statistical Tests--Within

Weapon Systems

To test for the existence of a relationship between

the dependent and independent variables for each aircraft,

the level and nature of the data collected required the use

of the three nonparametric measures of correlation: the

Chi-Square Contingency Table, the Spearman Rank Correla-

tion Coefficient and the Kendall Rank Correlation Coeffi-

cient.

The Chi-Square Contingency Table was used to test

for the existence of a relationship between Annual Usage

Rate and Item Category. The Chi-Square Contingency Table

is appropriate when testing nominal level data (35:512).

The Spearman Rank Correlation Coefficient was used

to test for the existence of a relationship between Annual

Usage Rate and Price Per Item. Although both variables

are ratio level data, when examining Price Per Item the

assumption of a normally distributed population required

for a parametric test could not be made by Johnson and

Southwick. The rejection of this assumption in this

research was based upon an examination of the Coefficient
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of Skewness for the Price Per Item obsevations, as

discussed in Chapter III.

The Kendall Rank Correlation Coefficient was used

to test for the existence of a relationship between Annual

Usage Rate and AMOP. The Kendall Rank Correlation Coef-

ficient is similar to the Spearman Rank Correlation Coef-

ficient in that it compares ranking as opposed to actual

values. Because of the large number of tied rankings

encountered with AMOP, the Kendall Rank Correlation

Coefficient is more appropriate than the Spearman Rank

Correlation Coefficient because of its ability to handle

such a situation (16:289).

Statistical Tests--Between

Weapon Systems

Nonavailability of raw data from the Johnson and

Southwick study prevents a detailed comparative analysis of

findings. However, with the data generated by this

research, a more in depth analysis of the relationships of

the independent variables between weapon systems was

undertaken. Of specific concern for this research was

whether or not the same Item Categories have the same

Annual Usage Rates between weapon systems. Item Categor-

ies common to at least two of the aircraft and with at

least three sampled observances were tested. The require-

ment for at least three sampled observances is necessary
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to insure sufficient degrees of freedom to perform the

required statistical test.

If the relationship between Annual Usage Rate and

Item Category, Price Per Item, and AMOP are verified for

all weapon systems studied, the validity of the use of

Annual Usage Rate as a predictor of reprocurement data

requirements for similar weapon systems under development

will be set forth. The power of Annual Usage Rate as a

predictor of reprocurement data requirements should be

enhanced even further if the same Item Categories

experience high Annual Usage Rates regardless of weapon

system, since only Item Categories are known when deve-

loping the reprocurement data requirements for weapon

systems under development.

The use of Analysis of Variance is appropriate for

this comparison. Analysis of Variance (ANOVA) is "useful

for studying the statistical relation between a dependent

variable and one or more independent variables (17:522)."

Assumptions

The following assumptions were made in designing

the methodology for this research:

1. The samples of acquisitions on the three wea-

pon systems are representative of the population of all

acquisitions of replenishment spare parts for these air-

craft.
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2. The computer program developed at Seymour-

Johnson Air Force Base (Appendix A) provided an accurate

listing of all Air Force managed replenishment spare parts

for the three aircraft tested.

3. All acquisitions have been accurately recorded

on the Special Procurement History Extraction.

4. The ownership of reprocurement data on items

having a high Annual Usage Rate would be of greater econo-

mic value than ownership of reprocurement data on items

experiencing a lower Annual Usage Rate.

Limitation

The following limitation applies to this research:

1. The inferences drawn from the case analyses

are only directly applicable to the aircraft studied and

the Air Force managed items studied.
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CHAPTER III

CASE STUDIES DATA ANALYSIS

Overview

Actual testing and analysis of the data collected

for the three aircraft is explained in this chapter using

the methodology set forth in Chapter II.

Annual Usage Rate to Item Category

The Chi-Square test statistic was used to test for

correlation between Annual Usage Rate and Item Category.

The first step in testing for this correlation is the

construction of a Chi-Square Contingency Table. The

Chi-Square Contingency Table is a systematic method for

displaying how two or more characteristics depend on each

other by comparing the observed frequencies of an Item

Category at specified levels of Annual Usage Rate to its

expected frequencies (35:512). The expected frequency of

any Item Category at a specified level of Annual Usage

Rate is computed as follows:

fi ci ri
N
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where,

i
fe = expected frequency

c. = total observed frequency for the respectivecolumn

r. = total observed frequency for the respective
row

N = sample size (16:223).

Comparisons of the observed frequency to the

expected frequency allow the computation of the Chi-Square

test statistic for independence as follows:

i i2(fo0-fe
f

e

where,

2X - Chi-Square test statistic,

f - observed frequency,
0

fe - expected frequency.

The standard SPSS program available on the CREATE

computer calculates the Chi-Square test statistic. The

Chi-Square test statistic is used to test the significance

of the correlation between the two variables.
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The computed Chi-Square statistic is compared with

the known theoretical distribution of Chi-Square with

[(r-l)(c-i)] degrees of freedom to test the following

hypothesis:

H0 : There is no relationship between Annual Usage

Rate and Item Category.

H1 : There is such a relationship.

=.1

A value of the test statistic larger than the value

from the known theoretical distribution leads to a rejec-

tion of the null hypothesis.

Individual Chi-Square Contingency Tables

constructed by the SPSS program for the test for each

aircraft are presented in Tables 4a through 4c. Each cell

of a table contains the observed frequency, the expected

frequency, and each cell's contribution to the Chi-Square

test statistic. The total computed Chi-Square test sta-

tistic is also shown.

One of the limitations of the Chi-Square Contin-

gency Table is that when the degrees of freedom are

greater than one, the table "should not be used when more

than 20 percent of the expected frequencies are smaller

than five or when any expected frequency is smaller than
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Table 4a

KC-135 CHI-SQUARE CONTINGENCY TABLE

Item 17,28,29
Category 30,31,43 48,58,61 ROW

AUR Group 15 16 47,53 62,66 Totals

0f 7 7 8 18 400

f 10.00 7.89 12.63 9.47
e
2

X .90 .10 1.70 7.68 10.38

f 11 6 4 6 270

0-20 f 6.75 5.32 8.53 6.39
e
2

x 2.68 .08 2.41 .02 5.19

f 9 5 9 5 280

20-100 f 7.00 5.53 8.84 6.63
e
2 10

x .57 .05 .00 .4 1.02

f 8 7 17 4 36
0

100-500 f 9.00 7.11 11.37 8.53e

2
X .96 .00 2.79 2.41 5.31

f 3 5 10 3 21

Over 
0

500 f 5.23 4.14 6.63 4.97
C

,2 .96 .18 1.71 .78 3.63

Column f 38 30 48 36 152
Totals

X-2 5.22 .41 8.61 U.29 25.53
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Table 4b

F-4 CHI-SQUARE CONTINGENCY TABLE

30
31,38

Item 10,12 53,59
Category 29 14,16 61,62 Row

AUR Group 15 28 58,66 17,26 63,69 Totals

f 15 2 20 19 5 610

0-30 f 15.53 5.68 11.75 17.05 10.98
e

X2  .02 2.39 5.80 .22 3.26 11.69

f 8 2 7 3 6 26
0

30-100 f 6.62 2.42 5.00 7.27 4.68
e

X2  .29 .07 .79 2.51 .37 4.03

f 13 3 2 10 7 .35
0

100-500 f 8.91 3.26 6.74 9.78 6.30e

1.87 .02 3.33 .00 .08 5.31

f 5 8 2 13 11 39
Over 0

500 f 9.93 3.63 7.51 10.90 7.02
e

)? 2.45 5.25 4.04 .40 2.25 14.39

Column f 41 15 31 45 29 161Totals 2
T 4.63 7.73 13.97 3.14 5.96 35.43
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Table 4c

A-7 CHI-SQUARE CONTINGENCY TABLE

48,
Item 10,12 59,61

Category 15,17 49,51 62,63 Row
AUR Group 28,29 16 52,53 58,47 67,99 66 Totals

f 4 8 9 12 2 8 43
0

0 f 9.75 7.45 7.45 7.17 4.59 6.59
e

X2  3.39 .04 .32 3.25 1.46 .30 8.77

f 9 8 10 2 4 5 380

0-5 f 8.61 6.59 6.59 6.33 4.05 5.83
e

X2  .02 .30 1.77 2.96 .00 .12 5.17

f 7 6 2 6 5 - 7 330

5-50 f 7.48 5.72 5.72 5.50 3.52 5.06e

X2  .03 .01 2.42 .05 .62 .74 3.88

f 14 4 5 5 5 3 360

50 f 8.16 6.24 6.24 6.00 3.84 5.52
e

X 2  4.18 .80 .25 .17 .35 1.15 6.90

Colu- f 34 26 26 25 16 23 1500Totals2X2  7.62 1.16 4.76 6.44 2.43 2.31 24.71
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one [22:46]." The intervals for Annual Usage Rate and

groups of Item Categories were established based on

this requirement.

The test statistics for each test were compared

with the critical value of x2. Results are summarized in

Table 5. The critical value for each aircraft was deter-

mined as follows:

X2 [ I - a; (r-l) (c-l)]

where,

c = Number of columns in the Chi-Square Table

r = Number of rows in the Chi-Square Table

The following decision rule was employed in this test.

if Xcal x2 [1-a; (r-l) (c-l)]; conclude HO

if Xcal > X2[1-_a; (r-l) (c-l)]; conclude H1

For all three aircraft, the calculated Chi-Square

test statistic was greater than its corresponding critical

value. This led to a rejection of the null hypothesis in

each case, providing statistical evidence of a relation-

ship between Annual Usage Rate and Item Category.

Annual Usage Rate to

Price Per Item

The Spearman Rank Correlation Coefficient was

used to test for the existence of a relationship between
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Table 5

CHI-SQUARE TEST RESULTS

KC-135

2 2

X (.90; 12) 18.55 X test statistic = 25.53

25.53 > 18.55

Therefore, there is statistical evidence of a
relationship between Annual Usage Rate and
Item Category.

F-4

2 2

X (.90; 12) = 18.55 X test statistic = 35.43

35.43 > 18.55

Therefore, there is statistical evidence of a
relationship between Annual Usage Rate and
Item Category.

A-7

2 2

X (.90; 15) - 22.31 X test statistic = 24.71

24.71 > 22.31

Therefore, there is statistical evidence of a
relationship between Annual Usage Rate and
Item Category.
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Annual Usage Rate and Price Per Item. This test was used

since the assumption of a normally distributed population

could not be accepted. Because of this a parametric sta-

tistical test could not be utilized. The rejection of

this assumption in this research was based on an examina-

tion of the Coefficient of Skewness for the Price Per Item

observations. The Coefficient of Skewness is based upon

the spread between the arithmetic mean and the median of

the distribution in question, and is calculated as

follows:

SK 3(x - MD)
s

where,

SK a Coefficient of Skewness,

x = Sample mean,

MD = Sample median,

s - Standard deviation.

The Coefficient of Skewness must equal zero for a

symmetrical or normally distributed population (17:66).

The SPSS Condescriptive Statistics option was utilized to

compute this coefficient. The results are summarized for

each aircraft in Table 6.

As can be seen from Table 6, the Coefficient of

Skewness computed for each aircraft does not equal zero.

The assumption of a normally distributed population,
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required for a parametric test, could not be made. The

Spearman Rank Correlation Coefficient is therefore

appropriate to test for a relationship between Annual

Usage Rate and Price Per Item.

Table 6

COEFFICIENT OF SKEWNESS

KC-135 7.573

F-4 4.242

A-7 2.388

The Spearman Rank Correlation Coefficient requires

the use of rankings of the values for a particular variable

rather than their absolute values. The Spearman Rank

Correlation Coefficient, rs , compares the sum of the

squared differences in the paired ranks for two variables

over all cases divided by a computed quantity of what the

sum of the squared differences would have been if the two

sets of rankings had been totally independent (16:289).

The Standard SPSS program available on CREATE was used

to compute the Spearman Rank Correlation Coefficient.

According to Siegel, if the sample size is greater than
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ten, the test statistic computed using rs is distributed

as t(N-2) when employed in the following formula:

t* = r

s

where,

t* = Student's t statistic,

rs = Spearman Rank Correlation Coefficient,

N = Sample size. (22:212)

The significance of rs was tested at a = .1

against the following hypothesis:

H0 : There is no relationship between Annual Usage

Rate and Price Per Item.

H1 : There is such a relationship.

*

The computed value, t , was compared with the

value of the known theoretical distribution of t(l-2;n-2).

The correlation coefficient, rs, can take on a

value from -1 to 1, with the sign of the coefficient indi-

cating the direction of the relationship. A two-tailed

test is appropriate with the following decision rule:

If t > t(l ; n-2) or
t < t(f; n-2)

Reject the null hypothesis.

The results of the Spearman Rank Correlation

Coefficient tests, as computed by SPSS, are shown in
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Table 7. In each case, the computed value of r was used

to compute t*. For all aircraft, t* was less than the

critical value of -t(l-;n-2). As a result, the null

hypothesis is rejected and it can be concluded that there

is a relationship between Annual Usage Rate and Price Per

Item. The negative values of rs and t* indicate that

there is a negative correlation betwen AUR and Price Per

Item which means that Annual Usage Rate will tend to be

higher when the Price Per Item is low.

Annual Usage Rate to Actual Method

of Procurement (AMOP)

The Kendall Rank Correlation Coefficient was used

to test for existence of a relationship between Annual

Usage Rate and AMOP. Before the Kendall Rank Correlation

Coefficient test could be performed, it was necessary to

determine a single AMOP to represent each item. For each

item in the sample, the Special Procurement History

Extraction was used to determine a single AMOP to repre-

sent the item over the history of purchases. It was

discovered that many of the items in the sample had been

purchased using several different AMOPs. Because of the

ordinal level of the data, the median AMOP was chosen as

most representative. To determine the median AMOP, the

midpoint of the total quantity of units purchased was com-

puted. Each purchase for an item was then listed in
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chronological sequence. The median AMOP for an item was

determined to be the AMOP corresponding to the purchase

in which the median of the units purchased was made.

According to Siegel, when sample size is greater

than ten, the test statistic computed using the Kendall

Rank Correlation Coefficient (TAU C) is normally distri-

buted when employed in the following formula:

= TAU C

2(2N+S)
9N (N-1)

where,

Z* = Kendall standard normal variable value,

N = Sample size,

TAU C = Kendall Rank Correlation Coefficient (22:520-

522).

The significance of TAU C was tested at c=.l

against the following hypothesis:

H0 : There is no relationship between Annual Usage

Rate and AMOP.

H1 : There is such a relationship.

As with the Spearman Rank Correlation Coefficient,

Kendall's TAU C can also take on a + or - value, again

indicating the direction of the relationship. The com-

puted value of Z* was compared with the value of Z from
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the theoretical normal distribution at ±Z(l-a). A value
2

of Z less than -Z(.95) or greater than Z(.95) leads to a

rejecticn of the null hypothesis.

The results of the Kendall Rank Correlation

Coefficient tests are shown in Table 8. Each value of TAU

C, as computed by SPSS, was used to compute the test sta-

tistic Z*, which was then compared to the critical value of

-Z(.95)=-1.645. In each case Z* was less than -1.645 and

the null hypothesis was rejected.

For each aircraft, the results indicated with 90

percent confidence that there is a relationship between

Annual Usage Rate and Actual Method of Procurement. The

test also indicates a negative correlation. This shows

that the higher the Annual Usage Rate is, the lower is the

AMOP. The lower AMOP indicates a competitive purchase.

As a result, the larger the quantities of an item that

have been purchased and the higher its Annual Usage Rate,

the more likely it is that the item was purchased through

competitive means. Reprocurement data would then be

required for these items.

Statistical Tests Between

Weapon Systems

Analysis of Variance was used to determine whether

or not Item Categories have the same Annual Usage Rates

between weapon systems.
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ANOVA is a special case of linear regression but

with two basic distinctions:

1. While the regression model assumes a response

curve and relates the means of the probability distribution

of Y (the dependent variable) to the levels of the indepen-

dent variable X, ANOVA makes no such assumption; and

2. From the response curve, regression would allow

prediction of a number of outcomes for intermediate levels

of X. ANOVA makes no such response prediction and only

provides information about the specific levels studied

(17:525). ANOVA deals with factors (independent variables)

and treatments (particular outcomes of the independent

variable). For this research the factors involved were be

the Item Categories in the sample and the treatments were

the Annual Usage Rate achieved by each weapon system for

that Item Category. The hypotheses tested were:

H 0  2 ' P3

H : Not all us are equal

where,

= Mean Annual Usage Rate for the Item Category

considered for each weapon system.

Neter, Wasserman and Whitmore state that the appro-

priate test statistic is:
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MSTRMSE

where,

MSTR - Regression treatment mean square

MSE = Error mean square (17:533).

*

The significance of the values of F were tested

at a=.l and compared with the value of the theoretical

distribution of

F(1-c; r-l, nt-r)

where,

r = Number of factors

nt = Total number of observations.

A value of F* greater than F(l - a; r-l, nt - r)

leads to a rejection of the null hypothesis.

The fifteen sampled Item Categories which are com-

mon to at least two of the aircraft and had at least three

sampled observances were tested with ANOVA. The require-

ment for at least three sampled observances was necessary

to provide sufficient degrees of freedom to calculate the

critical value from the F distribution.
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The ANOVA program of SPSS was utilized to calcu-

late value of F* for each Item Category tested. This

value was then compared with the appropriate value of

F(l -a; r-l, nt - r) to test for the equality of means.

The results of this test are summarized in Table 9.

In the tests on Item Categories 53 and 62, the null

hypothesis was rejected. It can be stated with a con-

fidence of 90 percent that the mean Annual Usage Rates for

these items are not equal among the three aircraft

studied. In the tests on the other thirteen Item

Categories, there was insufficient evidence to reject the

null hypothesis.
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CHAPTER IV

CONCLUSIONS AND RECOMMENDATIONS

Overview

The objective of this research was to determine if

the variables Item Category, Price and Actual Method of

Procurement can be used to indicate the Annual Usage Rate

of a replenishment spare part and thus the requirement to

purchase reprocurement data. This chapter presents the

conclusions drawn from this study and recommendations for

improvements to the current methods of acquiring and

managing data. Finally, recommendations for further

research are presented.

Conclusions

Research Question 1

For each aircraft studied, is there a relationship

between Annual Usage Rate and Item Category?

The thesis by Johnson and Southwick showed that

there was a relationship between Annual Usage Rate and

Item Category on the C-130 aircraft. This research showed

through the use of the Chi-Square Contingency Table that a

similar relationship exists in the KC-135, the A-7, and

the F-4 aircraft. Since Annual Usage Rate is related to
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the Item Category, reprocurement data would tend to be

required for those Item Categories that experience a

higher Annual Usage Rate.

Research Question 2

For each aircraft studied, is there a relationship

between Annual Usage Rate and Item Price?

The Spearman Rank Correlation Coefficient indi-

cated that there is a relationship between Annual Usage

Rate and Item Price for the KC-135, A-7, and F-4 aircraft.

The negative correlation established that lower priced

items tend to have a higher Annual Usage Rate. The same

relationship has previously been demonstrated on the C-130

aircraft. Since the lower priced items tended to be

purchased in larger quantities and on a recurring basis,

the need for reprocurement data on these items is indi-

cated by the Item Price.

Research Question 3

For each aircaft studied, is there a relationship

between Annual Usage Rate and Actual Method of Procurement

(AMOP)?

The Kendall Rank Correlation Coefficient indicated

that there is a relationship between Annual Usage Rate and

AMOP for all three airacraft. As was the case for the

C-130 case study performed by Johnson and Southwick, the
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negative correlation established that items with a high

AUR tend to be purchased competitively. Since reprocure-

ment data is required for any item that is reprocured

competitively, the correlation also supports the assump-

tion that AUR is an indicator of the need for reprocure-

ment data.

Research Question 4

Do the same Item Categories on each weapon system

have thesame Annual Usage Rates?

Analysis of variance (ANOVA) was performed in an

attempt to further validate the use of Item Category as a

predictor of an item's Annual Usage Rate (AUR) across dif-

fering weapons systems. Results were inconclusive. For

two Item Categories, it was possible to conclude that the

AUR is not the same between weapons systems. For the

remaining thirteen Item Categories tested, statistical

evidence was not sufficient to draw such a conclusion.

Because of the existence of both equal and unequal mean

AURs, the ANOVA test has shown that without further

testing, Item Category cannot be used to predict AUR,

irregardless of weapon system. Based upon this research

it would be inappropriate to attempt to predict the AUR of

an item on a bomber-type aircraft by using the AUR

experienced for a similar item on a fighter-type aircraft.
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It would also be inappropriate to use an Item Category not

tested in this research.

Research Question 5

Can the relationship between Annual Usage Rate and

Item Category, Price, and AMOP on existing weapon systems

be used to determine reprocurement data requirements for

similar weapon systems under development?

The statistical tests performed show that the

variables tested were indicative of the AUR of an item.

The Spearman Rank Correlation Coefficient showed that

lower priced items tend to have a higher AUR. The Kendall

Rank Correlation Coefficient indicated that items to be

reprocured competitively tended to have a higher AUR. AUR

is also influenced by the Item Category, or type of item

being used. Of the three variables, Item Category pro-

vides the earliest, and therefore most valuable, indica-

tion of AUR and the need for reprocurement data.

The usefulness of the three variables as indi-

cators of reprocurement data requirements is based on two

assumptions. The first assumption is that AUR does in

fact indicate the need for reprocurement data. Evidence

seems to support this assumption. Reprocurement data is

required for any item that is reprocured competitively.

The Kendall Rank Correlation Coefficient established that

items with a high AUR will tend to be reprocured
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competitively, thereby requiring reprocurement data. The

Spearman Rank Correlation Coefficient showed that lower

priced items tend to be reprocured in large quantities on

a recurring basis (high AUR), also requiring reprocurement

data.

The second assumption is that these same rela-

tionships will hold true in future weapon systems. If

these assumptions are verified, the usefulness of Item

Category in determining data requirements would be greatly

enhanced.

The use of Item Category as an indicator of repro-

curement data requirements should be limited at this time

to the indication of reprocurement data requirements in

similar types of weapon systems, where the item would be

utilized under similar conditions. As previously stated,

the AUR of an Item Category on a fighter-type aircraft may

not be the same as that Item Category's AUR on a bomber-

type aircraft.

Summary of Conclusions

The answers to the five research questions

resulted in two basic conclusions:

1. The Chi-Square, Spearman, and Kendall tests

demonstrated the validity of the Item Category, Price, and

AMOP as accurate indicators of Annual Usage Rate on

existing weapon systems. The relationships identified
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also validate the results of Johnson and Southwick. Based

upon the results of this research and those of Johnson and

Southwick, it is believed that reprocurement data require-

ments for proposed weapon systems can be more accurately

identified through knowledge of the Annual Usage Rates of

similar items on existing similar weapon systems.

Similarity of items can be determined by Item Price, AMOP,

or Item Category.

2. The ANOVA test required the conclusion that

the AURs for some Item Categories are equal in each

aircraft studied and the AURs for other Item Categories

are not equal in each aircraft studied. The researchers

believe, therefore, that generalized statements about the

level of AURs for all aircraft, based upon the AURs of any

single aircraft, are not appropriate at this time.

Recommendations

Need for Policy Guidelines

It was learned during this research that many Air

Force managers are uncertain or even confused as to their

duties and responsibilities concerning reprocurement data.

Firm policy and specific guidance should be developed,

particularly guidelines to aid Air Force managers in

determining whether or not reprocurement data is required.
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Centralization of Responsibility

Although AFSC purchases the majority of reprocure-

ment data, AFLC is the primary user of that data. A

feasibility study into the possibility of placing acquisi-

tion and management responsibility under one organization

is advisable. Single responsibility could help to elimi-

nate much of the ambiguous and conflicting guidance that

does exist.

Quality Control

This research pointed out the belief that much of

the data received by the Air Force is of such poor quality

that they can never be used for their intended purposes.

An in-depth study should be performed to reveal the facts

concerning the quality of Air Force data and recommend

methods of improving the quality of data received. A

system should also be instituted to provide exact infor-

mation on what data is contained in the Data Repository.

This information could be utilized to preclude the purcha-

ses of data already contained in the Air Force inventory.

Proprietary Rights

It was observed in this research that many times,

claims by the contractors of proprietary rights can pre-

vent the government from using data to competitively

reprocure items. There is need to determine whether the

62



government should challenge these claims more strongly and

consistently.

Data Costs

Data on the costs associated with ownership of

reprocurement data is not currently available. It is pre-

sently impossible to assess the economic benefits of

owning reprocurement data or the benefits to be derived

from revising current methods of data acquisition. The

government needs to establish a system for accumulating

the costs of owning all data, particularly reprocurement

data.

Further Case Analysis

Research

This research further substantiated relationships

identified in a previous study on reprocurement data. The

same types of relationships appear to exist in both cargo-

type and fighter-type aircraft. This research should be

replicated on other aircraft and weapon systems, to

further substantiate the relationships identified and lead

toward the establishment of specific guidelines to aid in

determining reprocurement data requirements for all types

of weapon systems entering the Air Force inventory.

Further tests should also be performed to deter-

mine the exact characteristics of the relationship between

Item Category and Annual Usage Rate. These tests should
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attempt to develop more conclusive evidence and infor-

mation regarding the relationship between Item Category and

AUR among different types of weapon systems and within

similar types of weapon systems. This would aid in the

development of more precise guidelines regarding the

determination of reprocurement data requirements.
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APPENDIX A

DATA GENERATION COMPUTER PROGRAM
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APPENDIX B

ITEM CATEGORY DESCRIPTIONS
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1OGP Weapons

11GP Nuclear ordnance

12GP Fire control equipment

13GP Ammunition and explosives

14GP Guided missiles

15GP Aircraft, and airframe structural components

16GP Aircraft components and accessories

17GP Aircraft launching, landing and ground handling
equipment

18GP Space vehicles

19GP Ships, small craft, pontoons, and floating docks

20GP Ship and marine equipment

22GP Railway equipment

23GP Motor vehicles, trailers and cycles

24CP Tractors

25GP Vehicular equipment components

26GP Tires and tubes

28GP Engines, turbines, and components

29GP Engine accessories

30GP Mechanical power transmission equipment

31GP Bearings

32GP Woodworking machinery and equipment

34GP Metalworking machinery

35GP Service and trade equipment

36GP Special industry machinery
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37GP Agricultural machinery and equipment

38GP Construction, mining, excavating and highway
maintenance equipment

39GP Materials handling equipment

40GP Rope, cable, chain, and fittings

41GP Refrigeration, air conditioning, and air circula-
tion equipment

42GP Fire fighting, rescue, and safety equipment

43GP Pumps and compressors

44GP Furnace, steam plant, and drying equipment, and
nuclear reactors

45GP Plumbing, heating, and sanitation equipment

46GP Water purification and sewage treatment equipment

47GP Pipe, tubing, hose, and fittings

48GP Valves

49GP Maintenance and repair shop equipment

51GP Hand tools

52GP Measuring tools

53GP Hardware and abrasives

54GP Prefabricated structures and scaffolding

55GP Lumber, millwork, plywood, and veneer

56GP Construction and building materials

58GP Communication, detection, and coherent radiation
equipment

59GP Electrical and electronic equipment components

61GP Electric wire, and power and distribution
equipment
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62GP Lighting fixtures and lamps

63GP Alarm and signal systems

65GP Medical, dental, and veterinary equipment and
supplies

66GP Instruments and laboratory equipment

67GP Photographic equipment

68GP Chemicals and chemical products

69GP Training aids and devices

70GP General purpose ADPE, software, supplies and
support equipment

71GP Furniture

72GP Household and commercial furnishing and
appliances

73GP Food preparation and serving equipment

74GP Office machines, visible record and data
processioDi equipment

75GP Office supplies and services

76GP Books, maps, and other publications

77GP Musical instruments, phonographs, radios,
home type

78GP Recreational and athletic equipment

79GP Cleaning equipment and supplies

80GP Brushes, paints, sealers, and adhesives

81GP Containers, packaging, and packing supplies

83GP Textiles, leathers, furs, shoe fittings, tents,
flags

84GP Clothing, individual equipment, and insignia

85GP Toiletries
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87GP Agricultural supplies

88GP Live animals

89GP Subsistence

91GP Fuels, lubricants and waxes
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APPENDIX C

RESEARCH COMPUTER PROGRAMS
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In the interest of research replication, this

appendix is a compilation of the computer programs

developed and used in this research. It is hoped that

these programs will be very useful to future researchers

who use the SPSS program package, by minimizing time

spent in familiarization with SPSS control cards and

computer programming.
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0010 FREUUENCY GENERATOR
00206
0030#
0040 THIS PHOGRAM WAS USED TO coumr THE NUMBER UF CASES IN EACH
0030. ITEM CATEGORY, ROUTING IDENTIFIER (RID), AND SrANIJARD REPORT-
0060 ING DESIGNATOR (SRD) WITHIN THE INITIAL DECK OF RAU DATA FOR
0070 EACH AIRCRAFT STUDIED. THE INDIVIDUAL ITEM CATEGORY COUNTS
0080 WJERE NEEDED FOR THE "SUBFILE LIST" CARD IN THE SAMPLER
0090 PROGRAM. THIS PROGRAM CAN ALSO BE MODIFIED TO DETERMINE
0100 THE FREGUENCIES OF DESIRED VARIABLES IN THE SAMPLED
0110 DATA FILES.
01200
0130#
0140#6S,R(J) ,,;,6
0150S:IDENT:UP0354,AFIT/LSOO 80
01 60S:SELECT :SPSS/SPSS
01205:PRMlFL:0S,R/U,S,80A0?2/C135NSNS
01 80S:PRIIFL:0T,US,B0A072/Cl35FREQ
0190RUN NAME;THESIS DATA FREOUENCIES PROGRAM
0200YARIABLE LIST;STOCK,NUI1 TO NUtI3,MMC,NOUNI TO NOUN5,RID,SRD,PRICE
021IIPUT MEDIUN;DISK
0220N OF CASES52276
0230INPUT FORMAT;FIXED (F2.0,F2.0,F5.0,F4.0,A2,X,4A4,A3,X,A3,X,A3,X,F8.2)
0240PRINT FORMATS;STOCK (0)/RID (A)/SRD (A)
O25OFREQUENCIES;GENERAL=STCI( RID SRD
026OREAD INPUT DATA
0270FINISH
0280hEND JOB

76



0010 SORT PROGRAM
0020#
0030#
0040 THIS PROGRAM MAS USED TO SORT EITHER THE ENTIRE RAU DATA
0050. FILE OR ONLY THE SAMPLED RAU DATA FILE INTO ANY DESIRED
0060 SEQUENCE.
0070#
0080#
0090##S,R(SL) ,,d,1
0100$:IDENT:UP0354,AFIT/LSOG 80
01 10$:SELECT:SPSS/SPSS
0120S:PRMFL:15,U,S,B0A072/SORTFILE,R
0130RUN NAME;SORT DATA FILE
0140RAU OUTPUT UNIT15
O150VARIABLE LIST;AUR,ITEM.CAT,AMOP,PRICE
0160INPUT MEDIUM;CARD
017ON OF CASES;161
0180INPUT FORMAT;FIXED(F7.2,X.,F2.0.X,FI.0,X,F7.2)
0190SORT CASES;ITEM.CAT,AUR
020OREAD INPUT DATA
0210$ :SELECTA:DATA.F-4
022OURITE CASES;(F7.2,X,F2.0,XF1.0,X,F7.2)
0230;AUR, ITEM.CAT,AMOP,PRICE
0240LIST CASES;CASES=161/VARIABLES=ITEM.CAT,AUR,AMOP,PRICE
0250PRINT FORMATS;AUR (2)/ITEM.CAT (O)/AMOP (0)/PRICE (2)
0260FREQUEt4CIES;SENERALrnAMDP ITEII.CAT
0270FINISH
0280$ tEND JOB
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0010 SAMIPLING PROGRAM
0020M
0030#
0040 THIS PROGRAMI UAS USED TO TAKE A STRATIFIED SAMPLE FROMI
0050 THE INITIAL RAU DATA FILE. THE PERCENT FIGURE USED ON THE
0060 "SAMPLE" CARD UAS DETERMINED BY THE SIZE OF THE INITIAL FILE
0070 AND THE REQUIRED SAMPLE SIZE FOR THE RESEARCH.
0080#
0090M
0100##S,R(J) ,,;,6
0110$:IDENY:UP0354,AFIT/LSOG 80
01 20$:SELECT:SPSS/SPSS
01 30$:PRIIFL:08,U,S,B0A072/C135NSNS,R
01 40S:PRNFL:OT,U,S,80A072/SMPLC135,R
0150RUN MAKtE;THESIS SA14PLE GENERATOR PROGRAM
016OVARIARLE'LIST;STOCK,NUMI TO NUM3,MNC,NOUN1 TO NOUN5,RID,SRD,PRICE
0170INPUT NEDIUM;DISK
0180INPUT FORNiAT;FIXED (F2.0,F2.0,F5.0,F4.0,A2,X,4A4,A3,X,A3,X,
01 90; A3,XF8.2)
0200SUBFILE LIST;SCI5 (623) SCIS (373) SC17 (23) SC26 (1) SC28 (229)
0210;SC29 (79) SC30 (15) SC31 (33) SC41 (7) SC42 (2)
0220;SC43 (16) SC45 (1) SC47 (65) SC48 (50) SC53 (133)
0230;SC58 (33?) SC59 (24) SC61 (32) SC62 (13) SC63 (1)
0240;SC66 (214) SC73 (3)
O250SAMPLE;0.07
0260RUN SUBFILES ;EACH
0270LIST CASES;CASESa50/VARIABLES=STOCK,NUN1 ,NUM2,NUM3,RID,PRICE
0280PRINT FORMATS;STOC( (0)/NUMI TO NUM3 (0)/RID (A)/PRICE (2)
O29OFREQUENCIES;GENERAL=S7OCK
0300FINISH
0310$:END JOB
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0010 SKEWNESS TEST FOR THE VARIABLE "PRICE"
002 01
0030#
0040 THIS PROGRAM UAS USED TO DETERMINE THE COEFFICIENT OF
0050 SKEWNESS IN THE "PRICE" DATA FOR EACH AIRCRAFT.
00 609
0070#
00803#S,R(J):,,;,1
0090$:IDENT:UP0354,AFIT/LSOO 80
0100$: SELECT: SPSS/SPSS
0110RUN NAliE;PRICE SKEWNESS TEST
0120VARIABLE LIST;AUR,ITEM.CAT,ANOP,PRICE
0130INPUT MEDIUM;CARD
0140N OF CASES;152
0150IMPUT FORNAT;FIXED(F9.2,X,F2.0,X,F1.0,X,F7.2)
0160MISSING VALUES;AMOP (9)
01 70CONDESCRIPTIYE;PRICE
01 800PTIONS; I
Ol90STATISTICS;1 ,8
020OREAD INPUT DATA
0210$ :SELECTA: DATA133
0220FINISH
0230$ :ENDJOB

0010 DATA PURGE AND EXTRACTION PROGRAM
00204
00306
0040 THIS PROGRAM UAS USED TO PURGE A DATA FILE OF UN
0050 DESIRED DATA AND REURITE THE RENAINING,DESIRED DATA TO AN-
0060 OTHER DATA FILE. THIS PROGRAM UAS USED TO DEVELOP THE DATA
0070 FILE TO USE IN THE *ANOVA-lm PROGRAM.
00803
00903
0100 CHARACTER*t LINE(S0),VALUE*1(1),BLK/' '
0110 READ(5,500)VALUE
0120 10 READ(7,500,ENDz999)LINE
0130 500 FORMAT(S0AI)
0140 URITE(8,500)CLINE(I),I=1,4),BLK,BLK,(LINE(I),lx5,14),BLK,VALUE
0150 so TO 10
0160 999 CONTINUE
0170 STOP
0180 END
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0010 PRIMARY TEST PROGRAM
00201
0030#
0040 THIS PROGRAM UAS USED TO RUN THE SPEARMAN AND KENDALL
0050 RANK CORRELATION COEFFICIENT TESTS. THIS PROGRAM ALSO IN-
0060 CLUDES AN ANALYSIS OF VARIANCE TEST RUN, BUT THIS UAS
0070 NOT A PART OF THE THESIS RESEARCH AND CAN BE OMITTED IF
0080 DESIRED.
0090#
0100#
0110#NS,R(SL) :,8,16;;,16
0120$:IDENT:UP0354,AFIT LSO 80 T.E.FALCONER
0130S:SELECT:SPSS/SPSS
O140RUN NAME;THESIS COMPUTATIONS FOR THE C-135
0150ARIABLE LIST;AUR,ITEM.CAT,AHOPPRICE
0160INPUT NEDIUM;CARD
O7ON OF CASES;152
0180INPUT FORMAT;FIXED(F9.2,X,F2.0,X,F1.O,X,F7.2)
O190MISSING VALUES;AMOP (9)
0200NONPAR CORR;AUR UITH ANOP
0210OPTIONS;1,3,5
0220READ INPUT DATA
0230$:SELECTA:DATA135
0240NONPAR CORR;AUR WITH PRICE
0250OPTIONS;3
0260*RECODE;ITEM.CAT(15=I)(16=2)(17=3)(28=4)(29=5)(30=6)(31=7)
0270;(43=8)(47=9)(48=10)(53=11)(58=12)(61=13)(62=14)
0280;(66=15)
02900NEUAY;AUR BY ITEM.CAT (1,15)
0300ONEUAY;AUR BY AMOP (0,5)
0310*RECODE;PRICE (LOWEST THRU 50=1)(50 THRU 100=2)(100 THRU 175=3)
0320;(175 THRU 250=4)(250 THRU 500=5)(500 THRU 1500=6)
0330;(1500 THRU 3000=7)(3000 THRU HIGHEST=8)
O3400NEUAY;AUR BY PRICE(1,8)
0350FINISH
0360S:ENDJOD
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0010 ANALYSIS OF VARIANCE PROGRAM
0020#
0030#
0040 THIS PROGRAM UAS USED TO PERFORM AN ANALYSIS OF VARIANCE
0050 ON EACH OF THE ITEM CATEGORIES COMMON TO TUO OR MORE OF THE
0060 AIRCRAFT STUDIED.

* 0070N
0090W
0090WNS,R(SL) :,8,16;;,16

* O1OOS:IDEMT:UP0354,AFIT/LSOG 80 THESIS ANOVA PROGRAM
01 104:SELECT:SPSS/SPSS
0120RUN NAME;THESIS ANOVA PROGRAM
0130VARIAILE LIST;AUR,ITEM.CAT,ACFT
0140INPUT MEDIUM;CARD
015ON OF CASES;463
0160INPUT FORMAT;FIXED(F9.2,X,F2.0,X,F1.0)
0170VALUE LADELS;ITEM.CAT (1)IC 10 (2)IC 12 (3)IC 14 (4)IC 15 (5)IC 16
0180;(6)IC 17 C7)IC 26 CS)IC 28 (9)IC 29 (10)IC 30 C11)IC 31
0190;(12)IC 43 C13)IC 47 (14)IC 48 (15)IC 49 (16)IC 51
0200;(17)IC 52 (18)IC 53 (19)IC 58 C20)IC 59 (21)IC 61
0210;(22)IC 62 (23)IC 63 (24)IC 66 (25)IC 67 (26)IC 69
0220;(27)IC 99/ACFT (1)C-135 (W)-4 (4)A-7
023ORECODE;ITEM.CAT (10=1)(12=2)(14=3)(15=4)(16=5)(17=6)(26=7)
0240; (28=8) (29=9)(30=10)(31=11)(43=12)(47=13)(48=14)(49=15)
0250;(51=16)(52=17)(53=18)(58=19)(59=20)(61=21)(62=22)(63=23)
0260;(66=24)(67=25)(69=26)(99=27)/ACFT (1=1)(32)(4=3)
0270*SELEC7 IF;CITEM.CAT EQ 4)
O2BOONEUAY;AUR BY ACFT (1,3)
02900PTIOMS;6
O300STATISTICS;1 ,2,3
031OREAD INPUT DATA
0320S aSELECTA:DATABASE
0330FINISH
0340$:END JOB
03303
0360#
0370 THE SEOUENCE "*SELECT IF","ONEUAYM 'OPTIONS",AND 'STATISTICS-
0380 CAN BE RUN FOR ANY ITEM CATEGORY DESIRED.
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